ABSTRACT This work is devoted to the results of extended dissipative based on finite-time resilient guaranteed cost control of switched neutral time-delayed system subject to mismatched uncertainties and stochastic actuator failures. Particularly, a new novel actuator fault is implemented by considering that the actuator fault follows a certain probabilistic distribution. The proper guaranteed cost function is chosen to achieve an adequate level of performance. Moreover, the extended dissipative inequality includes some well-known weighting matrices such as H ∞ performance, L 2 − L ∞ performance, passivity case, mixed H ∞ and passivity case, and dissipativity performance, respectively. The main aim of this work is to model a resilient guaranteed cost sampled-data controller such that the proposed system is finite-time stable and satisfies the finite-time extended dissipative performance index. Under the Lyapunov stability theory and proper Lyapunov-Krasovskii functional (LKF) together with Writinger-based integral inequality, a new set of delay-dependent sufficient conditions is obtained to ensure the finite-time stability of the switched neutral system. Moreover, the obtained finite-time sufficient conditions are derived in the form of linear matrix inequalities (LMIs), which can be determined via Matlab LMI software. At last, the examples are exploited to show the effectiveness of the considered design procedures.
I. INTRODUCTION
Switched systems are a special class of hybrid system which consist of a finite number of subsystem and a switching law specifying the active subsystems at each instant of time [1] . Switched systems are used in many practical applications such as mass-spring systems, chemical processes, DC-DC resonant converter, fault-tolerant control systems, sensor networks [2] . Due to numerous applications, the stability and stabilization of switched systems have received
The associate editor coordinating the review of this manuscript and approving it for publication was Hao Shen. increasingly more attention in recent years ( [3] , [4] ). The problems of stability and stabilization for switched systems with mode-dependent average dwell time (MDADT) switching are discussed in both continuous-time and discrete-time cases [4] . Based on the average dwell time technique and Lyapunov function technique, the fuzzy-parameter-dependent fault detection filters are designed that ensure the closed-loop switched system to be mean-square exponential stable [5] . On the other hand, neutral switched systems have played an important role in various areas of engineering applications. Therefore, the study on neutral systems has attracted a lot of research attention, and many application results have been VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ reported in the literature, see for example ([6] - [9] ) and the references therein. Besides, when controlling a real plant, it is also desirable to design a control system which is not only stable but also guarantees an adequate level of performance. One approach to this problem is called guaranteed cost control [10] . It has the more advantage of providing an upper bound on a given system performance index and thus the system performance degradation incurred by the uncertainties or time delays is guaranteed to be less than this bound [11] . Therefore, it is necessary to investigate the design problem of guaranteed cost controller of dynamical systems [12] - [15] .
On the other side, many efforts have been paid to the fault tolerant control or the reliable control since unexpected faults or failures may cause for weak performance or even instability of switched control systems. Thus, the result of fault tolerant control in dynamic systems has attracted remarkable attention and different types of techniques have been studied in [16] , [18] . The authors in [18] have investigated the dissipative theory for discrete-time systems using fault-tolerant control subject to actuator failures in which based on the novel reciprocal convex approach with Lyapunov technique, a new set of delay dependent sufficient conditions is constructed for achieving the required result. In [19] , the reliable controller has been proposed for switched nonlinear systems with structural uncertainties using the common Lyapunov function technique. It should be noted that the fault-tolerant control design techniques in the above mentioned works are based on the assumption that control component failures are modeled as outages and partially outages that is (i) the actuators signal simply becomes zero and (ii) the control input cannot attain its full gain but even work in an exact amplitude. However, the actuator may not fully failures; that is, the scalar factor ξ i = 0 is simplest special cases. Due to the facts of actuator aging, zero shift, electromagnetic interference, nonlinear amplification, the fault matrix obeys a certain probabilistic distribution in an interval [0, 1] . Thus it is necessary and significant to consider random variable in the control model, which motivates our present study. Besides, most of the control techniques are used to study the stability of switched neutral systems. It is noted that in practice, the proposed controller should able to tolerate some uncertainty in its coefficients due to the reason that the perturbation cannot be ignored, which is affected by many facts such as the imprecision inherent in analog systems, finite word length in digital systems and the need for additional tuning of parameters in the controller implementation. To overcome this abrupt changes in the control input, the resilient controller has been implemented for various kind of dynamical systems [20] . The authors in [21] have studied the non-fragile control problem for a class of networked control systems (NCSs) with respect to time-varying delay, where both the uncertain nonlinearity and the controller gain fluctuation are taken into the system in random ways and those obey certain Bernoulli distributed white noise sequences. In [22] , a non-fragile observerbased output feedback control problem for the polytrophic uncertain system under distributed model predictive control technique is investigated.
In addition, it is known that the dissipative condition provides a framework for the model and analysis of control and signal processing systems under an input-output description based on energy-related considerations and it serves as a powerful technique in characterizing some important system behaviors such as passivity, H ∞ , mixed H ∞ and passivity, and sector bounded non-linearity [23] . Thus, in past few years, dissipativity and its application in control and filtering problems have been investigated, and many related research results have been reported ( [24] - [27] ). In [28] , a feedback sampled-data controller design for Takagi-Sugeno fuzzy systems with time delay has been discussed in which a new set of sufficient conditions is established to guarantee the fuzzy sampled-data systems to be (Q, S, R)-γ -dissipative. The results of reliable dissipative control for Markov jump systems have been studied in [29] via an event-triggered sampling information scheme. Sakthivel et al. in [30] have designed a dissipativity based controller to ensure the stochastic stability of the switched stochastic dynamic systems subject to time delay, uncertainty parameters and external disturbance. In the above mentioned literatures, unfortunately L 2 − L ∞ performance can't be included in the (Q, S, R)-dissipativity performance index. To investigate L 2 − L ∞ and (Q, S, R)-dissipativive properties in a single frame work, the extended dissipativity concept is first proposed in [31] . This extended dissipativity concept includes some well-known performance indices by appropriate arranging the weighting matrices, H ∞ performance, L 2 − L ∞ performance, passivity and dissipativity [32] . Shen et al. in [33] have investigated the extended dissipativitybased state estimation for discrete-time Markov jump neural networks with unreliable links, where constructing a novel LKF together with average dwell-time approach, a new set of sufficient conditions guarantee the resulting error system is extended stochastically dissipative.
On the other hand, in many practical applications, the main aim is the behavior of the system within a finite time, such as machining control systems, aerospace control systems and etc [34] . To describe with this kind of situations, the problem of finite-time stability focuses its attention on the character of a system response over a finite-time interval. The concept of finite-time stability is that once we fix a time interval, the state of a system does not exceed a certain bound during this specified time interval [35] . One can mention that finite-time stability and Lyapunov asymptotic stability are different concepts; indeed a system can be finitetime stability but not Lyapunov asymptotic stability, and vice versa. Hence, finite-time stability of dynamical systems have received remarkable attention in recent years [35] - [37] . The result of finite-time bounded analysis for switched neutral systems subject to time delay is investigated in [38] . By choosing a proper novel Lyapunov functional together with LMI approach, a new set of finite-time condition is derived in [39] to ensure the finite-time stability of uncertain networked control system. Gao et al. [40] have studied the finite-time observed based sliding mode control for Markovian jump systems with respect to incomplete transition rates. However, till now, the problem of finite-time extended dissipative based on optimal guaranteed cost resilient control for switched neutral systems with respect to time-delay, stochastic actuator fault, external disturbances, mismatched uncertainties has not been investigated yet. Motivated by the above discussions, in this work, a new set of finite time extended dissipative conditions for switched neutral systems with respect to stochastic actuator fault, mismatched uncertainties and time-delay and external disturbance is derived by guaranteed cost resilient reliable controller. The main contributions of this work are highlighted as follows: (i) Extended dissipative based optimal guaranteed cost resilient reliable controller for switched neutral systems with mismatched uncertainties and time-delay and external disturbance is considered in a short time interval. (ii) This is first attempt to deal the optimal guaranteed cost resilient reliable controller together with uncertain parameters for the switched neutral systems. (iii) A novel optimal guaranteed cost resilient reliable controller is designed for the switched neutral systems with controller gain fluctuations, mismatched uncertainties and time-varying delay. (iv) Based on Lyapunov stability theory along with novel integral inequality, a new set of finite-time conditions is obtained in terms of LMIs to ensure that the considered switched neutral system is finite-time stable with a prescribed extended dissipative performance index.
II. PROBLEM FORMULATION AND PRELIMINARIES
In this paper, we consider an uncertain switched neutral time delayed system in the following form:
where x(t) ∈ R n is the state vector, u F (t) ∈ R m is the control input of actuator fault, v(t) ∈ R p represents the disturbance input which belongs to L 2 [0, ∞) and z(t) ∈ R q denotes the output vector; ϕ(t) ∈ R n is the initial function. Further, h(t) is the time-varying neutral delay that satisfying
and discrete delay d(t) satisfying
where h 1 , d 1 , h 2 and d 2 are known constant scalars. Moreover, the function 
where
is control gain matrices. The uncertain matrices are in the control implementation is given by
we assume that the perturbed matrices satisfy
, where M i and N i are known real constant matrices and F i are unknown matrices satisfying
Generally, most of the engineering systems are controlled by digital controllers and the sampled-data controller is considered in the form:
where t k is the upper limit of kth sample. By taking τ (t) = t − t k and t k ≤τ for all k, Eq. (5) can be written as
Moreover, it is assumed that 0 ≤ τ (t) ≤τ withτ (t) = 1 for t = t k . Then the following fault model is adopted for this study:
where = diag{ξ 1 , . . . , ξ m } with ξ j (j = 1, . . . , m) are m unrelated random variables. It is assumed that the mathematical expectation and variance of ξ j are e j and δ 2 j , respectively, and
Also, define¯ = E, and for R bi > 0(b = 1, 2, 3), it follows from (7) that
Then, the fault-tolerant controller in Eq. (7) is expressed in the following form
Substituting the Eq. (9) in to the system (1) then the closedloop system can be written in the following form
Before completing this section, we introduce the following assumption, definitions and lemmas which will be more useful in the proof of our main results.
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For given constants N 0 ≥ 0, τ a > 0, τ a is called average dwell time and N 0 is the chatter bound if the following inequality holds: [41] : Given time constant T f and the disturbance v(t) fascinating Assumption (A1), the considered switched stochastic time delayed system (10) is said to be finite-time bounded with respect to (c 1 ,
where c 2 > c 1 > 0 and R is a positive definite matrix. Lemma 1: For given positive definite matrix Z ∈ R n×n , scalar b > a and a vector-valued function ω : [a, b] → R n , the upcoming integral inequality satisfies:
Assumption 1: For given real symmetric matrices 1 , 2 , 3 and 4 the following conditions are satisfied: 1) 1 ≤ 0, 3 > 0, and 4 [31] : For given matrices 1 , 2 , 3 and 4 satisfying Assumption 1, the closed-loop system (10) is said to be finite-time extended dissipative with respect to (c 1 
where c 2 > c 1 > 0, R is a positive definite matrix, if the system in Eq in (10) is finite-time bounded with respect to (c 1 , c 2 , T f , d v , R, σ (t)) and for zero initial state, the following condition is satisfied for any
where, ρ is a scalar and
We consider a cost function of the form for the system (10)
where Q > 0 and R > 0 are weighting matrices. The main aim of this work is to model a resilient feedback reliable controller for the system (10) and cost function (11) such that the considered system (10) is finite-time dissipative and the closed-loop value of the cost function (11) satisfies J ≤ J * , in which J * is scalar constant.
III. MAIN RESULTS

A. ROBUST FINITE-TIME BOUNDEDNESS
In this subsection, our aim is to derive the sufficient conditions for the finite time boundedness of switched neutral system (10) without uncertainties. The LMI based finitetime sufficient conditions will be derived using Lyapunov techniques, Writinger based integral inequality approach and Jensen's integral inequality method.
Theorem 1: Under the Assumption (A1) for given scalars (12) is finite time bounded with respect to
) and S i , such that the following LMIs holds for l = 1, 2, 3 · · · 2 m and i, j ∈ N, i = j:
and the any switching signal σ (t) with the average dwell time satisfying
90292 VOLUME 7, 2019 where, 
where,
At the switching instant t k , we assume
. Then σ (t) = i, and the derivative of V i (x(t)) along the trajectory of the system (12) can be calculated as follows:
Next, by using the time delay concept, the following integral terms in (20) 
Using Lemma 2.5 [41] to the remaining integral terms in (20), we obtain
Combining the Eqs. from (17) - (33) and taking mathematical expectation, we have
, and i is defined in (16) . From (34) , it is easy to see that
Integrating the aforementioned inequality for t ∈ [t k , t],
Suppose that, at the switching instants t k , neutral switched system (12) switches from j-th subsystem to i-th subsystem; that is, σ (t
and using (13), we get
From the Definition II, we obtain that
. (37) On the other hand From (37) - (39), we can obtain that
The following proof can be divided into two cases: Case 1: µ = 1, which is trivial case, from (14), E{x T (t)Rx(t)} < c 2 e −αT f e αT f = c 2 . Case 2: µ > 1, from (14) , F m > 0, then we have
Substituting (41) into (40) yields E{x T (t)Rx(t)} < c 2 . Therefore from the Definition II, the neutral switched system (12) is finite time bounded with respect to (c 1 ,
To find the guaranteed cost control value, from (11) we have
Integrating from 0 to T f and taking mathematical expectation, we have
This completes the proof.
B. FINITE-TIME EXTENDED DISSIPATIVE BASED STOCHASTIC FAULT-TOLERANT CONTROL
Under the finite-time conditions considered in Theorem 1, we obtain a set of sufficient conditions to ensure the neutral switched system (10) without perturbations is finite-time extended dissipative in the upcoming theorem. Theorem 2: Under the Assumption (A1) for given scalars (10) is finite time bounded with respect to (c 1 1, 2, 3, . . . 7) , R bi > 0(b = 1, 2, 3) and S i , such that the following LMIs holds for l = 1, 2, 3 · · · 2 m and i, j ∈ N, i = j:
= −e ατ k 3 X i ,¯ 9,9 = −e ατQ 7i − e ατ k 3 X i , 10,10 = −(1 − h)e αh 2 kX i ,¯ 11,11 = −4 e αd 2R 1i ,¯ 11,12 = 
. Moreover, the controller gain matrices can be calculated as
i . Proof: This proof is followed from Theorem 1 and using similar lines as in (35) , it follows that
, and the remaining terms of i are defined in Theorem 1.
To complete the proof, denote
, then pre and post multiply the inequality (47)
, X i , I }, it is easy to obtain the LMI (44). Then under zero initial condition by, Applying Dynkin's formula, we have
To prove extended dissipative, we consider two cases 4 = 0 and 4 > 0 respectively. First, if 4 = 0, then (49) follows for any T f ≥ 0 that 
It is noted that for any 0
Thus, above inequality (51) holds for all T f ≥ 0. This completes the proof. Further, we need to extend the obtained results to the switched neutral closed-loop system (10) with uncertainties. Under the Theorems 1 and 2, set of finite-time conditions guarantee the robustly finite-time extended dissipative for the uncertain switched neutral system (10) are given in the upcoming theorem.
Theorem 3: Consider the closed-loop switched neutral system (10) with uncertainties satisfying Assumption (A1). and i, j ∈ N, i = j: 
Proof: Replacing the unknown time-varying matrix A i by
By applying Lemma 2 [30] , the above inequality can be written as¯
Further, by using Schur complement Lemma, it is easy to see the LMI (52). Hence the proof is completed.
IV. NUMERICAL EXAMPLES
We present two numerical examples with the simulation results to illustrate the effectiveness and advantages of the proposed method in this section. Example 1: We consider the uncertain switched neutral system (10) with the parameter as follows: 
In addition, we choose uncertain matrices are The other parameter are selected as follows: 
Case (i) (With actuator fault):
In this case,¯ is assumed to be fixed with respect to the parameters¯ = 0.7, δ 1 = 0.2. Solving the Theorem 3 under Matlab LMI software, we get the feasible solutions and its guaranteed cost resilient controller gain matrices as For the simulation purpose, we consider the exogenous disturbance input and initial condition as w(t) = 0.5t sin(0.13 exp(0.5t)) and x(0) = [1.5 − 1.5] T . Based on the above gain matrices, the state responses and control curve of the closed-loop uncertain switched neutral system (10) are plotted in Figs.1(a) and 1(b) . The time history and evolution of time history E{x T (t)Rx(t)} are presented in Fig.2(a) and Fig.2(b). Fig.3 depict the switching signal σ (t) and output response of the closed-loop uncertain switched neutral system. Fig.4 revel that the time history of the ten randomized initial conditions for the closed-loop uncertain switched neutral system. 
Case (ii) (Without actuator fault and controller gain variations):
For this case, no actuator fault and controller gain variations in the control implementation i.e¯ = I , δ 1 = 0 and K j (t) = 0. Further, solving the LMIs presented in Theorem 2 with the same system parameters as mentioned in the previous case, the state feedback controller gain matrices are Using the above gain matrices, the state responses and control response of the system (10) are exploited in Fig.5. Fig. 6 represents the state responses and evolution time history of unforced system (10) . Moreover, the obtained optimal values of c 2 for different time varying upper bounds are calculated and presented in Table 4 and the corresponding curve is shown in Fig.7(a) . The different optimal guaranteed cost values of J * for for different time varying upper bounds are calculated and shown in Table 2 and its curve is given in Fig.7(b) . Based on the simulation result, it is concluded that the proposed switched neutral system is finitetime extended dissipative even in the occurrence of stochastic fault, uncertain parameters and gain fluctuations in system model. Therefore, we observed that the considered optimal guaranteed cost resilient reliable controller is an active one to stabilize the proposed switched neutral system in a finite-time interval.
Example 2: Consider a water-quality dynamic model for the Nile river model in two modes of operation given in [42] .
Further, the system without uncertainties and out put matrices are given as follows: (10) . Moreover, the time history of E{x T (t)Lx(t)} is given in Fig. 10 . The simulation results reveal that x 1 (t) and x 2 (t) are converging to the equilibrium point zero, so we conclude that the proposed neutral switched system is finite-time stable even in the case of actuator failures occur.
V. CONCLUSION
In this article, the problem of finite-time extended dissipative based stochastic fault-tolerant sampled-data control for switched neutral time-delayed systems subject to input delay, actuator failures, uncertainties and external disturbances. Specifically, a novel actuator fault model is proposed by assuming that the actuator fault obeys the Bernoulli distribution. The acceptable level of performance is guaranteed by considering desirable cost function. The sufficient conditions have been ensured the robust stochastically finitetime boundedness and finite-time extended dissipative of the considered system by constructing proper LKFs and most using updated techniques such as Wirtinger based integral inequality and Jensen's inequality. Based on such finite-time conditions, a control method of the guaranteed cost resilient controller subject to gain fluctuation for uncertain switched neutral system has been developed in terms of LMIs. Two illustrative examples are demonstrated to show the effectiveness of our proposed methods.
